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Introduction 


Continuous observations from December 1, 1993 through November 30, 1995 were 
made at the ACTS Propagation Terminal on the roof of the Sarkeys Energy Center at the 
University of Oklahoma in Norman, Oklahoma. Beacon and radiometer observations 
were combined to calibrate the beacon system for the estimation of total attenuation 
(attenuation relative to free space) and attenuation relative to clear sky (gaseous 
absorption component removed). Empirical cumulative distributions (edfs) were 
compiled for each month of observation and for each year. The annual edfs are 
displayed in the figures, the monthly and annual edfs are listed in the tables. The tables 
are organized by blocks and pages within a block. The blocks correspond to the headings 
in the .edf files generated by the ACTS Preprocessing (actspp) software and contained in 
the fourth disk in the set of ACTS Propagation Experiment CD-ROMs generated by the 
University of Texas. 


Site Characteristics 


Latitude 

Longitude 

Altitude 

Frequencies 
Elevation Angle 
Azimuth Angle 
Polarization 

Dynamic Range for 
attenuation measurements 

Meteorological observations 
Crane Rain Climate Zone 
ITU-R Rain Climate Zone 


35.21* North 
97.44“ West 
422 m 

20.2 and 27.5 Ghz 
49.06” 

184.44* 

Linear, 4° from vertical 
20 dB 


At site on roof. 

D2 

E 


The Data 

The attenuation, standard deviation, sky temperature and rain-rate distributions 
shown in the figures are for one-minute observation or integration intervals. The 
attenuation distributions in the block 1 tables are for one-second integration times. The 
fade duration and inter-fade interval distributions are obtained from the one-second 
integration time data. For the fade and inter-fade interval observations, the data were 
extrapolated across calibration intervals using frequency scaling and the observations at 
the other frequency. The frequency scaling coefficients were obtained from observations 
for the minute before the calibration interval. 

The time base for the distribution estimates was the time for simultaneous 
observations (including calibration intervals). Assuming random occurrences of 
equipment failures, the times when the equipment was not operable were excluded from 
the time base. The edf s therefore can be used for frequency scaling. 



The capacitor rain gauge was used for the first year of observations. A tipping 
bucket rain gauge was used for the second year. The capacitor gauge was sent to the 
Florida site for the second year. Because the rain-rate measurements were made on the 
roof of a 15 story building, the rain rate data should be taken as an estimate of the times 
when rain actually fell on the antenna. The Oklahoma Mesonet rain-rate distributions 
from the two closest sites, Norman, OK and Washington, OK, should be used to estimate 
the rain-rate distribution for modeling purposes. The mesonet data are for a five-minute 
integration time. These data are identical to one-minute integration time observations for 
rates less than 80 mm/h. At higher rates the one-minute observations show a slight 
increase in rate for the same probability (less than 5 %). The statistical uncertainty in the 
observations (compare Norman, OK and Washington, OK) is much larger. 



20 GHz Beacon Data 


Attenuation Relative to Clear Sky ACTS Propagation Experiment 

Norman, OK 


'93 - 94 '94 - *95 



Attenuation Relative to Clear Sky (dB) 



27 GHz Beacon Data 


Attenuation Relative to Clear Sky ACTS Propagation Experiment 

Norman, OK 


'93 - 94 '94 - *95 



Attenuation Relative to Clear Sky (dB) 




Percentage of Year Attenuation Value is Exceeded (%) 





Percentage of Year Attenuation Value is Exceeded (%) 









Percentage of Fades Fade Duration Value is Exceeded (%) 


27 GHz Beacon Data 


Fade Duration 


ACTS Propagation Experiment 
Norman, OK 



Fade Duration (sec) 



Percentage of Intervals Inter-Fade Interval Value Is Exceeded (%) 


20 GHz Beacon Data 


Inter-Fade Interval 


ACTS Propagation Experiment 
Norman, OK 


10 dB '93-’94 10 dB '94-’95 5dB ’93-’94 5dB '93-'94 



Inter-Fade Interval (sec) 




Percentage of Intervals Inter-Fade Interval Value is Exceeded (%) 











Percentage of Year Brightness Temperature Value is Exceeded (%) 








Percentage of Year Standard Deviation Value is Exceeded (%) 


20 GHz Beacon and 
Radiometer Data 


Standard Deviation 


ACTS Propagation Experiment 
Norman, OK 


93 - 94 Beacon “ " " 94-95 Beacon ~~~~“““'93 . 94 Radiometer ~ - - 94-45 Radiometer 



0.001 0.01 0.1 1 10 


Standard Deviation (dB) 



Percentage of Year Standard Deviation Value is Exceeded (%) 


27 GHz Beacon and 
Radiometer Data 


Standard Deviation 


ACTS Propagation Experiment 
Norman, OK 


93 - 94 Beacon 


94 - 95 Beacon ,, ' : "- ,, -'"- J, 93 - 94 Radiometer - - - 94-45 Radiometer 



0.001 


0.01 


0.1 

Standard Deviation (dB) 


1 


10 



Percentage of Year Rain-Rate Value is Exceeded (%) 


Rain Rate 


ACTS Propagation Experiment 
Norman, OK 

















Percentage of Year Rain-Rate Value is Exceeded (%) 


Oklahoma Mesonet 
Rain Gauge Sites 


Rain Rate 


Norman, OK 
Washington, OK 


Norman '94 - - - Norman '95 Washington '94 * Washington '95 



Rain Rate (mm/h) 
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Tippng Bucket Rain Rate Distribution obtained from Number of Minutes Rain Rate Above Threshold (%) 


S — « <n m © 
, 000 © 

© © © © o* 


§C\ ^ 'O N a 

m o rr o © co ^ 

© 1 -J © ^ © o © 

d ©* © d © o’ d 


S r^'OCNS 2 <NcO<N(N 

t o N h o 

p o P o. P d 

© © © © © © 


§ >o m oo h o\ (n 

^ ^ W (N N fO 

© CV» f-< © © 1-1 © 

© © © © © © © O 

vooocsoooommcs 

O H Tf fv| O O H O 

© ©* © © © © d © 

l 0t'0'00\00«000(s 

r^r^cor^^viinw-i© 

©^« 0 (Np©CN©© 

© © © © © © © © © 


tHFN^fSOOtOOO 

P<^P©PPddP 

© © © 


CN©i—‘©Oi— !©©»—• 
H . ^ H ® 
©* d^ddddd© 

oooNCN^TfNor-ooos 

'^r'^ooootNNO^ 

d d ^ d d d d © d 

^oo<ooooooot»fn 
^OHHOooooNt 
<no\r|oqt^^HO 
© © ri © © © d © 

^Or'^-\niHQ\»nos 

pCN'0©TtCNC\^© 

c 4 ~ © © © © © 


'oocfN^r-ovr^cnoo 

r^tNTtor-'Or-^^ 

•noo^oovqcsON^ 

<s »-* ^dd^dd 


o\r^'Oh^»o\ocnoo 
r^Qvo^r^vor ^*— «cn 
r t ^ ^ ^ 

d cn rt <n d d d d 


^ <3 h 00 ON 2 ^ 


cNc^^toNor^ooasS^ 


OnOnOnOnOn^CTiOnOnO^OnOnOnOnOnOnOnOnOnOnOnOnOnOn 


Block 1 



<D 

00 

CL, 


*—• 00 
CM SO 


<N 

rt 


co 

so 

CM 


00 VO 00 
n »o ^ 

c 5 <N <N 

o o 


^^Cr^vricncocN 

^voooor-'-co^r'- 
■ ^ ^ ^ ^ 10 ^ 
© o’ o o o o o o* 


so 

co 


SO 

co 

co 


r- 

VO 

o 


r- 

vO 


SO 


cm 

co 

CM 


00 

o 

o’ 


SI 5 


r- 
o 
rt 

© o o 


»0 CM 

S 8 

o' o' 

CO OS 
SO ON 

»—* »H 

© o’ 


OOOVOOOfOOV'OQsnW 

!! 2 £ 2 , ‘“ , s:^ vo d^ ONr ^ 

o O O O O O* 0*0 


cs 

1 

2 
O 



1000 

' 00 
so 

Os 

CO 

oo 

CO 

3 

SO 

CM 

r- 

CM 

rt 

•O 

r- 

i— < 

VO 

00 

00 

CO 

SO 

5 

r- 

s 

00 

CO 

VO 

CM 

p 


'St 

p 

d 

r— , 

VO 

so 

so 

CM 

r- 

00 

00 

o 

SO 

CM 

so 

CM 

SO 

**t 

so 00 
d ^ 

so 

oo 

so 

1—H 

00 

00 





d 

d 

o 

d 

d 

d 

d 

d 

d 

O 





d 


d 

CM* 

o 




d 

d 


700 

.749 


00 

s 

oo 

vo 

oo 

CO 

p 

CM 

r-H 

p 

0.35 

os 

so 

p 

o 

r* 

r^ 

00 

00 

D.74 

CM 

VO 

CM 

"St 

p 

so 

OO 

8 

r"< 

o 

CM 

SO 

rt 

r-* 

SO 

OO 

00 

p 

Os 

CO 

Os 

r^ 

00 

p 


1.98 

CM 

3 

3 






d 

** 

d 


f-H 

d 


d 


d 


d 


— 1 


d 

CM* 

o 




d 

»— * 

8 

1 

500 

I 


00 

00 

00 

rt 

p 

00 

r-H 

so 

CM 

rt 

& 

SO 

* 

oo 

SO 

o 

Os 

OO 

00 

00 

i 

CM 

VO 

r*- 

CO 

o 

•O 

00 

'St 

OO 

CO 

VO 

2 

SO 

p 

Os 
r- 
»— < 

VO 

o 

CM 

p 

[.95 


r- 

P 

8 

p 

CO 

SO 

p 

(M 

o 


CM 





*“* 

d 



1-^ 

d 


d 

CM* 

d 

CM 

CM* 

1-H 


CO 

r-H 



CM 


1-H 

U- 

J8 

C 

300 

CM 

CO 

CO 


VO 

so 

oo 

CO 

00 

r- 

1“H 

p 

s 

p 

c5 

CM 

© 

rr 

00 

CO 

p 

VO 

p 

o 

CO 

M? 

CO 

so 

CM 

CO 

p 

r-H 

r^ 

OS 

r- 

r^- 

o 

f-H 

p 

VO 

SO 

VO 

r^ 

00 

00 

00 

3 

CM 

p 

CO 

■rt 

1.5 

SO 

p 

r— < 

CO 

p 

rt 

CO 

CO 

C9 

5 

£2 


CM 


CM 


*"* 



CM* 






CM* 

d 

'St 

CM* 

CM* 


CO 


CM 


rt 

r-H 

CM* 

3 

o 

200 

2.624 


VO 

CO 

Os 

VO 

Ov 

VO 

SO 

’** 

s 

p 

a 

p 

SO 

00 

p 

rH 

O 

CO 

CO 

CM 

CM 

CM 

p 

Os 

1 — 4 

O 

SO 

SO 

CM 

Os 

s 

Os 

8 

p 

CO 

p 

f#«k 

CM 

SO 

p 

2.3 

00 


co 

3 

CM 

SO 

p 

SO 

F-H 

OO 

fL 

(m 

o 



CM 

CM* 

CM* 



CM 

CM 

CM 


CM* 

CM* 

CM 

d 

rt* 

rn 

CM 


CO 

CM 

CM* 


rf 

CM* 

CM* 

tf 

100 

SO 

8 

1.02 

CO 

os 

SO 

rf 

SO 

os 

CM 

oo 

C$ 

p 

3 

so 

OO 

r- 

Os 

CM 

r** 

Os 

CM 

8 

p 

VO 

s 

rH 

t^ 

Os 

so 

Os 

Os 

Os 

p 

SO 

p 

CO 

CM 

p 

oo 

SO 

SO 

Vp 

CO 

SO 

p 

§ 

SO 

»o 

o 


rf 


rt 

''t 

CO 

CM* 

CM 

CO 

CM* 

CM* 


CO 

CO* 

CM* 

d 

SO 

CO 

CO* 

CO 

CO 

CM* 

CO 


rt 

CO 

CO 

3 

JO 

'£ 

70 

SO 

SO 

Os 

1.02 

CO 

© 

r* 

O 

vp 

CO 

so 

oo 

§ 

OO 

5 

3 

p 

3 

sp 

OO 

Os 

sp 

CO 

3 

'St 

p 

Os 

«o 

p 

3.02 

ON 

?: 

ON 

00 

o 

'^t 

Os 

p 

CO 

CO 

oo 

p 

8 

p 

O 

p 

CO 

so 

p 

CM 

CO 

OO 

s 

.3 


^t 


SO 

't 

CO 

CM* 

CM* 

rt 

CM 

CO 

CM* 

"St 

CO 

d 

vd 

St 

"t 

CO 

CO 

CO 

V 


rt 

CO 

rt* 

c 

o 

*3 

50 


i 

5.87 

r- 

^t 

CM 

p 

r-H 

SO 

SO 

CM 

CM 

VO 

i 

CM 

00 

2 

3 

p 

SO 

p 

p 

SO 

SO 

p 

r- 

Ov 

? 

so 

CM 

p 


00 

Tt 

vo 

r- 

Os 

8 

CM 

i^ 

4.5 

SO 

p 

3 

^t 

CO 

P 

g 


SO* 

CM* 


so 

rt 

CO* 

CM 


CM* 

St 

CO 

SO* 

■sf 

CO 

d 

r-* 

SO 

V| 



rt 

rt* 


^t 

rt 


Q 

o 

T3 

30 

CO 

Os 

8 

« 

p 

6.25 

rt 

r- 

Os 

CO 

3 

CM 

O 

SO 

*-H 

p 

$ 

CO 

SO 

Os 

vr> 

O 

'st 

r^ 

ON 

r- 

'St 

P 

p 

SO 

p 

CO 

^■4 

p 

CM 

Os 

VO 

SO 

CM 

O 

SO 

CO 

r^« 


00 

SO 

3 

i-H 

Os 

5.5 

i 

CO 

CO 

os 

CO 

CO 

rH 

£ 


OS 

CO* 



SO* 

rt* 

rt* 

SO 

CO 


'St* 

SO* 

SO 

VO 

CM* 

ON* 

f»* 

vo 



SO 

SO 


»0 

so 

SO 

a 

•o 

CO 

20 

SO 

Os 

8 

s 

CM 

OO 

OS 

SO 

oo 

os 

r- 

VO 

•O 

SO 

5.07 

s 

r- 

SO 

f— * 

Ov 

r-* 

o 

r- 

'Sf 

Ov 

VO 

^t 

CO 

« 

CM 

SO 

CO 

a 

00 

»0 

p 

CO 

r^* 

p 

CO 

8 

CO 

os 

SO 

OO 

00 

CO 

SO 

CO 

Os 

2 

3 

CO 

• 


r-H 

CO* 

Os* 


00 

SO 


VO* 

SO* 

SO 

SO 

00* 

VO* 

so 

st 



00* 

so* 


so 



so* 

r-‘ 



a 

o 

CM 


O Os 

»— i rt 


^ oo 


cm — cm r- 

st Os ^ oo 

cn o ri ^ 


CM co O v© r o Tf 

Osh*FH(Sw-ifs(\}i^ 

CO 00 p p ^ o O 

OO Os Os* OS ' Os 00 


co 

oo 


r- so 

12 2 ^ 


VO H 
*-< CM 

2 d 'H © 

Os «— • OO 


r- 

s 


^ OS CM 
O Os £—: 

^ O 2 

Os ■*— < 


ti, ^ ^ ^ ^ 


8 so V?i 


rt 

»o - . 

OO © 

r- oo 


■£ 

§2-N 


mt^o^ooo\ 2 n 2 ' , N«^^*r'oooi 2 


Tf SO 
Os Os 


CO rf 
Os Os 


^OsOvOsCKOsOsOsOsOsOsOsOsOs 

>" 


so *o so *o so so so so <o *o so 
OsOsOsOsOsOsOsOsOvOsOs 


c a 
c c 
< < 


Block 2 



20 GHz - 5 dB Fade Duration Distribution (% of total number of fades) 
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20 GHz - 7 dB Fade Duration Distribution (% of total number of fades) 
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20 GHz - 10 dB Fade Duration Distribution (% of total number of fades) 
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27 GHz - 3 dB Fade Duration Distribution (% of total number of fades) 
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27 GHz - 7 dB Fade Duration Distribution (% of total number of fades) 
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27 GHz - 10 dB Fade Duration Distribution (% of total number of fades) 
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20 GHz - 5 dB Inter Fade Interval Distribution (% of total number of intervals) 
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27 GHz - 5 dB Inter Fade Interval Distribution (% of total number of intervals) 
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27 GHz - 7 dB Inter Fade Interval Distribution (% of total number of intervals) 
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27 GHz - 10 dB Inter Fade Interval Distribution (% of total number of intervals) 
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20 GHz Radiometer Sky Temperature Distribution obtained from Minutes above threshold (%) 
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27 GHz Radiometer Standard Deviation Distribution obtained from Minutes above threshold (%) 
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